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Abstract 
  Assessment the variation of WetSpass model parameters in the Nile Delta aquifer, Egypt is very significance before applying it 
to estimate the variations of groundwater recharge from rainfall. The input WetSpass model parameters are investigated based on 
the soil type, crop classification, and the previous studies. The input model paramters are crop height (hc), root depth (rd), 
Interception percentage (I), leaf area index (LAI), bulk resistance (rs), roughness length (z) and zero plane displacement (d). The 
investigation results of this paper indicate that the local model parameters have a great variation. The WetSpass model was 
calibrated for crop height hc in a range between 0.4 m to 1.0m. The RMSE between the simulated WetSpass value and the 
calculated one increased with the increase of hc. The minimum RMSE equals 8.13 mm/winter season at hc equals 0.4m. An 
extensive sensitivity analysis is required for all WetSpass parameters for the accurate determination of the model parameters.  
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1. Introduction 
  The available groundwater models are used for analysing groundwater systems in both steady state flow and 
transient flow, so they need average recharge values as input. The WetSpass model can be used to estimate the 
groundwater recharge from precipitation.  
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   The WetSpass model is a physically based model was used to estimate the groundwater recharge, surface runoff 
and actual evapotranspiration [1]. A good understanding of groundwater simulation processes with coupling the 
WetSpass model with the groundwater flow simulation model-MODFLOW to understand the groundwater flow 
characteristics, groundwater level variations and the aquifer storage [2]. The estimated output groundwater recharge 
from WetSpass model can be coupled with steady-state groundwater models. The WetSpass model on its calculation 
depending on the water balance equations of vegetation surfaces, bare area, open water area and an impervious 
surface, it was used to estimate the groundwater recharge in Gaza strip [3]. WetSpass model was used to estimate 
the variation of groundwater recharge from rainfall in Gaza, Palestine. The WetSpass hydrological model was 
copuled with (MODFLOW) groundwater model to determine the efect of groundwater recharge variation on the 
groundwater level. The water table level was predicted with different climate change scenarios which include a 
variation of recharge and precipitation [4] and [5]. 
 
   In India, the effects of variations of land-use on the water regime were stuided by using the WetSpass model. The 
model was integrated into the ArcView in GIS, it was extremely flexible and allowed an easy definition of man-
made or natural land-use types [6]. The crop growth water deficit, the coefficient of surface runoff and cumulative 
runoff volume in the Geba basin, Northern Ethiopia were determined by using WetSpass model due to the estimated 
variations of groundwater recharge, [7] and [8]. The average rainfall, in Egypt, in the Nile delta region was reported 
that is very small and ranges between 25mm/year in the South near to Cairo and 200mm/year in the North near to 
the Mediterranean Sea [9]. The groundwater recharge from rainfall in the Nile Delta was neglected in pervious 
groundwater modeling studies [10]. The investigation of variations of groundwater recharge in the Nile Delta 
aquifer is quite important for accuarte simulation and representaion of groundwater modeling problems. This paper 
comes online to investigate the variations of WetSpass input model parameters to find the suitable range of the Nile 
Delta region for each parameter.  
 
2. Study area description  
 
   The Nile Delta, along with its fringes, occupies an area of 24.000 km2. It lies between latitudes 31o 35' 0.0'' and 
31o 35' 0.0'' North and longitudes 29o 45' 0.0'' and 32o 20' 0.0'' East and at a distance of 20 km north-west of Cairo 
(Delta Barrage). The Nile Valley alluvial delta has a base length of 275 km along the Mediterranean Sea between 
Alexandria and Port-Said [11], as shown in Figure 1. Figure 1 shows the location of the Nile Delta and the locations 
of data collection stations. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
3. WetSpass model parameters 
 
The WetSpass model parameters are related to the crops classification in the Nile Delta region. Respecting to the 
Ministry of Agriculture and Reclamation Lands of Egypt, the Wheat, Bean, Barseem and Sugar cane are most 
common crops in the Nile Delta. The classification of crops in the different governorates in the Nile Delta region are 
summarized in Table 1, according to [12]. The total percentage of wheat cultivation area is 1690056 fadden, about 
Fig.1. Nile Delta, location of data collection and topography map 
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48.53 %, followed by Barseem about 1009967 fadden and about 29 % from the total area. 
 
Table 1: Crops classification within the Nile Delta area 
 
3.1 Crop Coefficient parameter C 
 
   The crop coefficient parameter is very significant in the calculation of potential evapotranspiration, actual 
evapotranspiration and water requirements of the plant. The crop height coeficient varies related to the crop growth 
and its stages. The crop coefficient depends on canopy resistance, aerodynamic resistance, atmospheric pressure, 
active Leaf Area Index, roughness length, and zero plane displacement. The minimum values of crop coefficient 
observed in the initial stage on the other hand maximum value observed in the middle stage. Table 3 summarizes the 
crop coefficient in initial, middle and end stages of the common crops in the Nile Delta region according to [13]. 
 
Table 3: Initial, middle and end crop coefficients of common crops in the winter season in the Nile Delta region, Source: [13] and [14]. 
 
 
 
 
 
 
 
3.2 Crop height parameter hc 
 
  The crop height parameter depends on to the common crops and should present the variation of crops classification 
in the Nile Delta. The crop height varies related to the growth stages of each crop. Table 2 shows the crop height and 
total days of Wheat, Bean, Barseem, and Sugar cane in the Nile Delta region in four growth stages according to [13] 
and [14].  
 
     Table 2: Initial, develop, middle and end lengths of common crops in the winter season in the Nile Delta region, Source: [13] and [14]. 
 
 
 
 
 
 
 
3.3 Root depth parameter Rd 
 
   The root zone depth (rd) is a very important parameter for preparing irrigation schedules. Different root depths for 
the common crops should be taken in acconut to estimate a suitable single value for the WetSpass model. Table 4 
Crop Alex. Bheira Gharbia 
Kafr El 
Shiek Dakhlia Domietta Sharkia Ismailia Poartsaid Mounofia Kalubia Cairo total % 
Wheat 60424 293263 147883 234816 296392 27592 399923 54138 18940 107552 49106 27 1690056 48.53 
Barley  5289 2836 97 2255 27 1 13792 8343 9872 0 8 0 42520 1.22 
Bean 1 12579 40037 4476 25952 19635 3930 23279 218 375 232 2 0 130715 3.75 
Bean 2 1927 0 1158 5169 1006 3934 597 781 0 0 0 0 14572 0.42 
Lentils 0 12 2 183 37 1044 0 0 0 0 11 0 1289 0.04 
Lupine 0 0 0 0 1 0 2298 827 0 0 0 0 3126 0.09 
Sugar 
cane 7645 40611 12142 114388 51962 4552 29882 9443 11893 575 325 0 283418 8.14 
Fenugreek 0 0 0 0 0 0 184 122 0 0 0 0 306 0.01 
Barseem 1 35048 172119 113281 112072 133246 48964 154628 39562 16266 138774 44731 1276 1009967 29.00 
Barseem 2 5680 97137 6791 30293 53594 4372 27402 4407 0 7503 6345 4 243528 6.99 
Barseem 3 1446 15743 9460 10984 11117 409 10257 0 0 1160 2412 0 62988 1.81 
Total 130038 661758 295290 536112 567017 94798 662242 117841 57346 255796 102940 1307 3482485 100 
Crop initial KCinit (cm) Middle kCmid (cm) End kCend (cm) 
Wheat 0.7 1.15 0.25-0.4 
Bean 20 35 15 
Barseem 10 25 10 
Sugar cane 25 50 50 
Crop initial Linit (cm) 
Develop 
Ldev(cm) 
Middle Lmid (cm) End Lend (cm) Total days 
Wheat 30 140 40 30 240 
Bean 20 30 35 15 100 
Barseem 10 30 25 10 75 
Sugar cane 25 35 50 50 160 
279 Asaad M. Armanuos and Abdelazim Negm /  Procedia Engineering  154 ( 2016 )  276 – 283 
shows the root depth (rd) and allowable soil moisture depletion of the common crops in the Niel Delta region. 
 
Table 4: The root zone depths and soil moisture depletion for the common crops in the winter season of the Nile Delta, Source: [13] and [14]. 
 
 
 
 
 
 
3.4 Interception percentage parameter I 
 
   The interception percentage parameter (I) equals a percentage of the rainfall according to FAO. It varies in a range 
between 0.0 to 4.0 % for different agriculture crops [14]. 
 
3.5 Leaf area index parameter LAI 
 
    The leaf area index (LAI) parameter ranges between 0.0 and 4.25 for different agriculture crops, according to [13] 
and [14]. The leaf area index paramter affects the aerodynamic resistance value in the calculation, which directly 
affects the crop coefficient Kc, potential and actual evapotranspiration. 
 
3.6 Bulk resistance parameter   
 
   The bulk resistance parameter (rs) is very important, it needs for the calculation of potential and actual 
evapotranspiration. It varies between 50 and 70 for Wheat crop [13] and [14]. It ranges from 30 to 120 for all 
agriculture crops [15]. 
 
3.7 Groundwater evaporation depth parameter 
 
   The groundwater evaporation depth from the upper layer of the soil depends on the soil type. According to the 
classification map of the thin clay layer of the Nile Delta aquifer, the most common types of soil are sand, clay & 
silt, sandy clay and clayey sand, [16], as shown in Figure (2). The readily evaporable water equals 2-7, 8-12, 6-10 
and 8-12 mm for Sand, Clay & Silt, Sandy Clay and Clayey Sand respectively, [17]. 
 
 
                      
 
 
 
             
 
 
 
 
 
 
 
 
 
 
3.8 Zero plane displacement parameter d 
 
    The zero plane displacement (d), is calculated as a percentage of crop height according to the previous studies.  A 
single value was reported equals 0.735 of the crop height is common to be used for different agriculture crops [18]. 
It equals as two thirds of the crop height paramter (hc) [14]. While It is about 0.74 for Beans crop [15]. 
 
3.9 Roughness length parameter Zo 
Crop Root zone depth  (m) Soil moisture depletion 
Wheat 1.5-1.8 0.55 
Bean 0.5-0.7 0.45 
Barseem 0.6-0.9 0.50 
Sugar cane 0.7-1.2 0.553 
Figure 2: Soil map in the Nile Delta, Elawa (2010) 
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    The roughness length parameter (Zo) also is calculated as a percnatge from the crop height (hc) similar to the 
calcualtion of zero plane displacement. It was reported equals to 0.13 for all agriculture crops [19] while it is a value 
similary equal to the pervious equals 0.123 [14]. On the other hand, this ratio ranges between 0.1 and 0.25 for wheat 
crop [20]. 
 
4. Results, Comparison, and Discussions 
 
  The WetSpass model parameters varied from a country to another related to the local weather conditions of each 
country. The input WetSpass model parameters should be determined based on crop classification and soil type. 
Table 6 presents the WetSpass model parameters values for both local (Nile Delta region) and international. These 
parameters include crop height (hc), root depth (rd), interception percentage (I), Leaf Area Index (LAI), groundwater 
evaporation depth, bulk resistance (rs), zero plane displacement (d) and roughness length (z).  
 
Table 6: Comparison between the input Nile Delta and international values for WetSpass model parameters 
 
A great variation between the WetSpass model parameters for the Nile Delta and the default value of the model, 
so the calibration process is very necessary to put the suiable value of the model. The WetSpass model default value 
for crop height (hc) is 0.6m. According to the crops classification in the Nile Delta region, it ranges between 0.4m to 
1.0 m. For the root depth (rd), the WetSpass default value equals 0.35m where the suitable value of the Nile Delta 
lies between 0.5 and 1.8m. For the interception percentage (I), the WetSpass default value equals 0.0 %, where the 
suitable range for different crops is from 0.0 to 4.0 %  based on FAO. In respect to the WetSpass default value of 
leaf area index (LAI), it ranges between 0.0 and 4.0, the properly calibrated range for the Nile Delta is near to the 
deafult value and ranges between 0.0 and 4.25. The WetSpass default value for the bulk resistance equals 180, while 
the suitably calibrated range according to the crops classification ranges from 40 to 150.  
 
5. Starting step of calibration process  
 
    The groundwater recharge is calculated from the following equation as the residual of the water balance, (Aish et 
al., 2009). 
ܴ௏ ൌ ܲ െ ܵ௏ െ ܧ ௏ܶ െ ܫ             
Where Rv is the groundwater recharge in vegetation area, Sv is the surface runoff, I is the Interception percentage, 
ETv is the actual evapotranspiration and equals the sum of TV and Es (evaporation from bare soil found in between 
vegetation). 
The input data for the WetSpass model includes the topography (figure 1), soil type (figure 2), land use type, 
precipitation, wind speed, temperature, and groundwater depth for the year 2000, as shown figure 3.  
 
 
 
 
 
 
parameter WetSpass Model Value 
Batelaan and De Smedt, 2001) 
Nile Delta Region 
hc crop height  m 0.60 0.4-1.0 
rd Root depth m 0.35 0.5-1.8 
I Interception Percentage % 0.0 % 0.0-4.0% 
LAI m2 m-2 0.0-4.0 0.0-4.25 
Groundwater Evaporation depth mm                          5.0  Depending on soil type 
rs Bulk resistance stomatal  s m-1 180.0 30-100 
d  Zero plane displacement     m ------ 0.65h-.75h 
zom Roughness length      m ------ 0.1h-.22h 
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Figure 3: Input Data for WetSpass model for the Nile Delta, 2000 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The WetSpass model was calibrated for the crop height coefficient of the suitably calibrated range according to 
the classification of agriculture crops of the Nile Delta in the year 2000. It ranges from 0.4 m to 1.0m. Figure 3.a 
shows the correlation between the calculated average groundwater recharge and the simulated output value by the 
model at hc equal 0.4m in different seven calibration points in the Nile Delta. Similarly to figure 3.b to 4f show the 
same correlation for hc equal 0.6, 0.7, 0.8, 0.9 and 1.0 m respectively. The corresponding errors equal 8.13, 8.94, 
9.68, 11.19, 13.54 and 12.94% for hc equal 0.4, 0.6, 0.7, 0.8, 0.9 and 1.0 respectively. The comparison between the 
simulated and calculated value of groundwater recharge for different crop height indicated that the RMSE increased 
with the increases in crop height from 0.4 to 1.0 m and decreased when the crop height close to 0.4 m. So, the 
suitably calibrated value for crop height is near to 0.4 m and the actual value should be determined accurately with 
the calibration of other parameters. The proper application of use WetSpass model necessate its calibrated for all 
parameter. 
 
d. Groundwater level in the Nile Delta in 2002 
c. Temperature in the Nile Delta in 2000 
e. Evapotranspiration in the Nile Delta in 2000 f. Wind speed in the Nile Delta in 2000 
a. Land use in the Nile Delta in 2000 
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6. Conclusion  
 
    Assessment the variation the WetSpass local model parameters which suitable for the Nile Delta region is very 
nesscary and important before applying the WetSpass model to estimate the variations of groundwater recharge 
from rainfall. The invistiagted WetSpass model parameters are the crop height (hc), root depth (rd), Interception 
percentage (I), leaf area index (LAI), bulk stomatal resistance (rs), roughness length (z) and zero plane displacement 
(d). The WetSpass model parameters are investigated based on the crop classification and the soil type in the Nile 
Delta region. A great change was observed between the WetSpass model default value and the determined suitable 
value based on crop classification and soil type in the Nile Delta region.  
In respect to the leaf area index parameter, the suitable value for the Nile Delta is nearly to the WetSpass default 
value by the model. The WetSpass default value for the bulk resistance parameter is exceeded the suitable range 
based on crop classification for the Nile Delta. On the other hand, the default WetSpass value for the root depth 
parameter is less than the suitable range related to crop classification in the Nile Delta.  
     The default value for evaporation of bare soil parameter is constant for one season which is lower than the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RMSE=8.13 mm/winter season 
a. h=0.4m 
Figure 4: correlation between WetSpass recharge and calculated recharge 
b. h=0.6m 
RMSE=8.94 mm/winter season 
c. h=0.7m 
RMSE=9.68 mm/winter season 
d. h=0.8m 
RMSE=11.19 mm/winter season 
e. h=0.9m 
RMSE=13.54 mm/winter season 
f. h=1.0m 
RMSE=12.94 mm/winter season 
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suitable value for the Nile Delta region. The WetSpass default value for root depth (rd) and crop height (hc) are in the 
suitable ranges for the Nile Delta region. The suitable range for the WetSpass model paramters for the Nile Delta 
should be considered in the model calibration for more accurate simulation and representation. 
   It is recommended to determine the WetSpass input model parameters values for the Nile Delta region by an 
extensive sensitivity analysis to enable accurate determination of the input WetSpass model parameters for the Nile 
Delta. 
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